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multiplexing. In this way, a communication system can be realized which is able to alleviate the 
performance deterioration due to frequency selective fading, and to easily cope with a modification of the 
data rate. 
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2 

±iB^StS©^^m«r-?-n^nST^B$pa^Sb^to^± 

«c^»-r -s n 2 (om^mnm^^ t . 

dc^g^L-citfRtr-:/ hJiJ*^TSl^3©3fe?tJig5iJ^}S! 
g<i:**A. ±iB^ft^g*ij^<tl/;rcti#gfcf;/ hfijtrm 
c i ^i^stif ■s.aiii'x ^A. 

[»^IS3] ±fB^M«g«. 
iT-5ii3tli2 tCfB^OjHlt'::;^-f-A„ 

t-rSfS*^2 tcf aig©jifii^:^ f-A. 

sig^?^-^ >^ )]^mcmt£i>m 2 ©Kts:??^>&^iT s 

©jifti-'XT-A„ 

[iftjR^e ] ±iam i ©ffi;t«f-^^s«. 
iBig©a<i->x7-A. 

[ imm 7 ] ±f ail 2 ©fi£fls?f -^^^a. 
±fan 2 ©i[£ti:#^ i L -csssff^-^js^ijfcf^:^? n 

iB*g©jHii^xf"A. 

im^ms ] ±iBn2©i£tjt^f-^i%^sw. 
±iam 2 <Dml.n^ t u -ci£3^??-^*^T ^. c i 

giif SlgsJcra 5 {ciBiS©aft~>X7=- A. 

[if*ii9] si-HciL5^f-s.«iK©B:3£+-<='V raffle ^ 

TTiilgSg^ i Sft^^g i ©F^-Ciifi-r •Sild ixx f A {c 

^m«.mkt i>m 1 ©iS?ijaE?'j^s i . 

mm 1 ©ii:?iJ3fe?iM^gAif>ai:^j3ti^3fe?iJ-?-d'?iJ 



4©ii:?rM5^M^II<i:. 

±f ai^ 3 Rem 4 (Dm.mmmtksicj:-oxm <o wttc 

?=fL.-C, ±iElS;Utt?-^^S(cJ:o-C^SLitffiS!(??-^ 
i. 

±i2itis!©iir 2 ©afe3^jii:^Mgis*^ 6 m;b 3 ti sts#g tr 

imntmi 0] ±iBffit!rt?-^*^si*. 
i/XT-AStc^jism 1 <DWMw^^¥i^r 1 ©tiz; 

2 ©fi£fljjf?-^*^*-r 

m 2 ©^2;t!(^^^^s t^^^, ±mm i ©^£SJ(^g^ i 
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©j1M->X7-A. 

(ts^Ji 1 1 ) ±iBii 1 (ow:mn^^mit. 

[iSn^m 1 2 ] ±fEm2©Sj;tS[??^±s«. 
10 {ciB4S©®fii^;^-r A. 

[is*:s 1 3 ] ±iElg2©^m^?-^sfesw, 
mt-ri>m^m i o Ka2is©3i^j^xT-A. 

[^?B©ifiMii5:ittW] 
[0 00 1 ] 

ii£5fc©ejjf5 (m&Rvfmd} 

mMiiWi^LJ:t>fr?>mm (SI 0) 

( 1 ) mim^m (mi-mb) 

(2) l|2||JgPI) (06Sc;f0 7) 

( 3 ) f&ommm 

[0 00 2] 

[mM±<omm^m] *^Bj«MMt^x7^A{cML. 

30 •?-A(C3@ifflL/r5fjS^*>©-c*2.„ 
[0 00 3] 

T^S^Biljlfi^fr^i Ltr. OF DM (Orthogonal Frequ 
ency Division Multiplexinq) i D?{i<7-5>ig3^JliS?1^^ 

fll^*:i^^*i&&. c©35r^«{4tB*iSi^«:ie^-r.2>S 

}l'^^bXMMT?>i><DX^'0 . DAB (Digital Audi 
o Broadcast ) tf^atii,Wii<Or'-( i^i')\'yv^<Dzriy 

40 ©eiil7^^<!:0-Cfc»!f#$n-Ct^5. 

[0 004] CC-CC©OFDM:^tCot»-C. 

oiag^ffli^Ttsi^-rs. s-riasccTK-r-i^fc. of 
DM-yj^a)mm^ncin,>xit, mmr^muT'-^ 
mmt^y m) s i^m.nm]mi^ (s/p) 2tc 

^tifcmmr'-i's I ^^m^-mmciz-cxmiT'--^ 

nt^^mn, H^^HC. ^|gI^^*JBPSK (Binary P 
hase ShiftKeyinq : 2tit4ti(i^S!l)i) X$}tlf,i$[m 
0'mmt r 1 J {CJ&i?. S/cQPSK (Quadrature Pha 
50 se Shift Keyinq : 44B(4tBiB^^ia) X$>tliim^^ 



5 

gso) -c$>nt3^ii^fiiia« raj cc^o. tfci 6Qa 

M (Quadrature Anplitude Ntodulation : ^^M&t. 

m) vhti^mm^mmt r4j tc^^. 
[0 005] ^isg3 t^A;^;^n/cafe?»Jf=-^5»jtcs-:^ 

c (Dm^amm^^mjmn^^^ ( s / p ) 4 fc a:;^ 
cc'ca5S=^-^»; Titers GT^jf"-^?>Jcc^ 

fe^ti^v, iSi>^-';x^S ( I FFT) 5{tXtf^in 

[0 0 0 6 ]—:/?. ^gtc^-Tct ^tc. ofdm:/7S;co 

3^iA:^5n/c'^-:^^OKfl^S 3;:i:>6 20 
4tlA;^?n/c^^CDii3^{4tB^^^i[?iM^-r^o ^ 

nasi 5(SiE5^j^^5n/cii:?s{4tB^^cc)^L-c«5S^ 

;u) tci^ccori^-s/cjs?). ^?»JiE3^J^j^^ (P/S) 16 
J;-:)TiI^j7=- i^J^J^^^-r ^ C <!: tc J: 0 ft fRf^- ^ 

S4:&n#e»n^c 

[0 0 0 7 ] xLCD^^trnm^^-t^oYxyyi-n^^x. 30 

A-rtit^-eor)fi^;S:^^(fca5(OI^<C<!:;&^'e^. ^Sbffi 
[0008] 

[0 0 0 9 ] C (D^^C'0\,^xm 1 0 ^ffll^TU^H^T^o 
rc^-Sc ccDO 1 0CciK'rJ:^tc. §=^1='»JT^t3:l e 50 
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^^MST^i. ^c:>^'^^)r^m\.>xmhtih\^'y V(D 
[0 0 10] ^fcO¥Y)y[-f5^(Dm^. ^^')rmc^ 

-oXv'-^U-bi^^m^^fc^. f'-^U-h^^M-r 
^-^^ ')TlA(0^m^cj:-oxBM^mM^mt'r^tc^. 

^^m'ftiitmm^iti)^^\:^xL^^. c^Dct^^coF 
[0 0 1 1 ] *^?gtiJtii±<o,'^,€:#jSur:^dC?n/c^<^ 

■C. OF DM^^cD^L'^.^^-^^^O^^i^JfiSiURtt^x 
[0012] 

[0013] 

Vr(^cMUXUim.<D\::y hcDx;r.;U+'-;Sr^mt-^J: 
^tcL/cC<!:^J:0. mi&mMiR^y:i~-i^>^^cj::-:> 
r— gpCDLt^^+ir 'J rCDx^.;l/^'-y&53fet:>n/c<b 
Str::^ ^(7)x;^;^^-"-cD^SSS«^l;!^^r4)0. 1^0 

[0014] 

[0015] (1)^1 mmm 
OF DM:6'S:"T?ts. laicc^T^t^cc. si^tcit^-r-s 
mmom^^-^vT^mi^^xmmr^^K ccommmo) 
m^iiOtt. 1 fc^^7 h(Dmm^^x<om.^^^ vrtrcmt) 

[0016] -rtsityi^mmmmxu. mnv^-^ (mm 
t^yhm ^^mm(rcj:'Dxmiimm'^(^^i^i.fc 



[0017] ^mmm:"C\t. y-^J x^^{c<^:o 

r §1^+ y T cc *5 ^ m^mm^^mm u tdk . 
[0018] m^ftc. amn^t lxu. ^i?-^^i-> 

mmcom^mt. ^^-v-vr (fa --fr, ) dc^&^y h - 
m^^rmg^nri^^o c(ofcii>mmmmiRi^y 

> y J: -OT — gpcD ^ V T cox ;^ - f)^^t:>ntc 
[0 0 2 0] tfc&n^=^^y^>Ji^^c^mxK'Oty:;Kr^ 

rj:^m2(omin^t^mcfch<D^WMnntLxm 

-^^m^mi^^xm-mmmc^mbxi^^fci^. 

[002 1] ccxm8t(DMmd^^^cm~^-^^^u 
xfjktmsf^aoi^x. c<Dmmm(^J:^M:Wmj:mmm 

rtj. tt$Rf^-^ (iff$Bi^'>h?'j) si^mmmmt^ 40 

mM^mmcftcxm^if'-'^j^K^^m^-r^o eu. tt 

m^crj:'^x{.^n\mm^r^ijzmtrj:i,K 

[0 0 2 2] H^tC. ^7?^;&^BPSK (Binary Pha 
se Shift Keying : 2 fflfiffld^^lfil) X&tl{:^^m^ 
M^[t r 1 J CCJ^jrf^. ^/cQPSK (Quadrature Phase 

Shift Keylnq : 4 tl{4fa{i^^ii> "C^n^^^Di^fii 

i/g) xhti^mm^mmt r3 j ^^:co. s/ci 6qa so 
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M (Quadrature Amplitude Modulation : iS?£f^iJ^£ 

x$>ti{tmm^mmt r4j (^rj:^. 
[0 02 3 ] ^m^3\txtf^tifcm^]y^-^m^cm'-5 
i^xmm(D^m:fj^(^cjx:^cftm^mm^ ( k q) ^ 

^•rSo CT^t3^ifa:^^?&^QPSKC[)iS^tCt3:. 2f 

rtifit. ci , n . c- 1 , n . c- i, - i k 

[002 4] ^i]i:S3(cJ;o-c5fe^^n;^cit^{4tB<t^ 

( I . Q) \t^ti^inmmmmmm (s/p) 4cca 

[0 02 5 ] c crfi£t4^?-^^^2 1 tJS^f^^-\'> 
^ji^scc^/jT^ffitjci?^ (c, ) ^^^r^o c 
tDfists?^-^ (c. -c. ) fri^E-n-enmss (Xi.sa^ 

;l/^CC[t3^atBff# ( I ^ :8LlfQ^ 1 „ RlfQ„ ) cc 

ttmr^^c^ t^mwr^. ^^i^cmw^x^^^tmm 
fS^Q„ tmrn^w^or, t^mnr^o c(Dj:^i.m-' 

[0 02 6] comwm (x,,j^z/x,,'-x,„r:^ 
Xa„) <D\tit)um:^mm\^c^ri'^nmum2 2.23 
{^Ati^^^i^^t>$ti^. 'r^cC^i^jjn^^2 2r«-& 
7^^i='>4^jucD I f&^x$>^mMmx^^--x^„<Dm:b 

i^^^L^iD^ti. flDS^2 3-etiSW-^^i->^oUcr)Q 

[0 02 7] m^2 2(Dtiit){tm\mmm^ (s/ 
p) 2 4tcA;^^n. ccxm^^-^^jrmcftox^ 

<D I fSc^tLxmy - V :r.mkm (I FFT) 2 SCCi^t 
^/ca]SL^2 3<7)tB:;^tSi£5tM?iMf^S (S 
/P) 2 6CcA;^$n. ccxmi^^-Vvrm^ciZ^Cx 

[ 0 0 2 8 ] 3|fr:7 »; 2 5 fitj^ 5 titc^m.^ 

hmstm^m^) t^^m.^mmsi^mm^s i o . s i 
1 ^^u. ^^m.^mmL^mms i o . s 1 1 ^ 
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^tifcmummm^mm^s 10. s 1 1 ^mm<mm 

[0 0 2 9] cn:c>:* ur^g t<Di^\x:^^^iicm—m^^ 

g3 or«. r>f-:^ 1 orsmu/cSMft^^iSj^ig? 

or-^-::^^0 Fm#S 2 0. S 2 1 Cc^ftU/cf^. :7 
-V-x^J^S (FFT) 3 2CCA^3-r^i:^CC;^j:5nr 
(.^-So S^tc, Kfi-^S2 0. S2l\tmm 

mm:2 0(iL^^^^m,^mmk^m.mns 10. s 1 wc 

[0 0 3 0 ] :7-';x^^3 2t^A:^$n/c-<-;^^^* 
>Kft^S2 0. S 2 rcc4c5^:f-5i[ 

mm^^ ( 1 1 'sa^Qx '-In' ao'Qn • ) ^Jfttb 

ij^M^J^^I^ <P/S) 3 3&cm;^^^e 

^m^2> '^uKt^^tifcmnmm^ ( i . 'Ro^'q. ■ 
-I. ' :^^'Q„ ■ ) ^m.mm^mcm^'r^. -rrj:t> 
^mmm^ms 3 mitmm^ ( i . '^s^o^q 

[0 0 3 1 ] c cx^ffii5(?5F-^^*^3 4\tmmm(o^Wi 

tu.m^c, t^mnb. mw^Y^AmitfSc^Q' 
ti&m^ncr t^mwr^. ^tcmnsY^^i^m^m 
• tm1m^c^ t^muL. mm^Y^^iltm^f& 
^Q' tmwmnc, t=^mnr^. ^h^cmwmY^. 

um^^Q' tti:9k^o„ t^mnr^o ccoj:^ 

[0 0 3 2]^^^ (Y„:ac/YQ.-Y:„Z5:0'Yan) <0 
OfB^^n^o CCOii-^. fSgt^Z, (3:2A^2 

iti:^<Dmm^mL. -en-enA;^^n/c4>cD^aA£cc« 
a^nz. -z„ f)^hm^^ti^n^ 

(p/s) 1 4CcA::^;5ti. ccv&m^micmmn^ 
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[0 03 3 ] c(Dm,it2m^<Dm.¥m^m^tmmm 1 5 

^{t^m^^mm^c^^cxm&^y h (mtfBPSK?^cC 
e«ie*>h. QPSK>^j:e>t3:2 b'-:/ stapsKJ^c 

6t^3fcr:Vh, 1 6QAM^C^&^4e-> F) CDife?ij5=^- 

10 n^ft^} , tfem^U^giS (P/s) 1 etcjrorH 

UC^lSL/i:mfgf'-t5?S4;:?5|^6n^o Bi^CC. ^ii 

ymi^^B p sK(Dm^(>c{tmm^ 1 5 (omtfimf^ir"- 

[ 0 0 3 4 ] C C -CffitSE??^^^ 2 1 SC>* 3 4 OCr^l^ 

S2 1 (c-^c^rcD^iJigg-r^a 0 5cc^-rj:^ic. jttst 

20 W^^^^2 Ifit. i^:^y'Aic^^xmrj:^mi<OllL9k 

m^cm.fj:^m2(DW:m^^e, -e^ ^^^r^tmcj^ 
[0 03 5] msmM-^^^^D^jz-ox^fSc^^nrcmi 

l^^^mE. -E„ CCj:o'C^^^n/cm2cDffiti1? 

--e„ u^ri^riMm-r^mn^M^ -m^ cca 

30 <bm2(D}m??-^ea <b^^#L. ^#^M, 5iA;^$ 
ti/c^l<Dfi£tk?9^d, i||2<Dffit$C?5F^e, <b^^S 

[0 03 6 ] CCDti^. ^lOffitStt^-^di ^tm(Oi^:< 

40 <b L/r^SM^?iJ#^ (Muximum lenqth linear shift re 
sister sequence code: M^MBW^^W ^CiX0i^tl 
^PNU-^ (Pseudo Noise code : ^MSh^?^) 

i^^n. m2<DWMi^^er -e^ tLxiitMmnn^ 
^f^^4l^PN^?-^x^*'^5^J^^>>>JL (Walsh ) 

m^^tLxm.^nn^mi.^fcm^<Dyff)K m^^n^o 
[0 03 7] «±<Dts^cc:bair. Slfi^^2 or«. 

50 mn^- ^ s 1 f)^^nhtihm.^mm'^ (u q) ^ 
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- [ „ SO'Q„ ) CC^j^L. ^itm'r-^m ( U SO' 
(c. -c^ ) ^m^T^o -eL/rt£ti??^^^U 

[0 0 3 8 ]-*. ^m^mso^^t. ^mutc^-:^ 

m^^-^ u T(^c:h^^^ms^mmfi^ ( 1 1 'So'Qx 1 

( I . ':ac;Q. '--In' R^Q. ' ) ^B$.^?'JW{c$ t 
^xmiim^i ( I ' . Q' ) K^t^o. -cti^w^^ 
'^y^)m tcjcs D r b T^S?^-^ ^ i- > ^ Ji'® cc p 
?^cc-5.s^;si^?^ (c. -cn ) ^mnr^ (rtj:t>i5>mm. 

cc*t n/cts$g^-- 

[0 0 3 9 ] c(DJ:'b(fCUXCo:>mtkm(Dm^(fC{i. m 

tt:7 X - > ^^tc J; $> S ^ U T CDx ^ -i^^^^ 
[0 04 0 ] ^/tCO^«?!l(Z)il^i^C&J. ^^-^^SCCiK 

^SiBf -SCi^^r-^^i^^. ®2CDffitJi?^{Ccf:-:5 

[0 04 1 ] 3 h^c<om:mm<om^\c\t. isgtcoh^^^ 
[0 042] &.±<DmmcJ:in^t. mny'-^o^^y 
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m^<D\^y h^nn^m'r^j:^icLtccticj:D. m 
mLmiR\Siyj^-'^>ifi^^cfcm^(fCi>^.K>m(DmL 

S O F D M:;^S(Df»J,^.^ :^cC:0^ ^ SiffiS[iS!Rtt 

[0 04 3] (2) mz^mm 

r. 4 0tJ^ftc!:L/rm2IISfeF9Ccj:^3^fiSgM^^ 

To c<3[)i^fiiig4 tffaf^-^s i^ii?iM^ij 
^i^S (s/p) 4 ucA:t^L. e:c-c^|gf&$a7=^-^ 

timy^imm^^ (s/p) sp. -s p„ {ca:;^^ 
r 1 J , QPSK?^j:e>^3: r2j . 8ffiPSK?^cC6« 

[0 04 4] ^DISMOD. -MOD„ {t^ti'etlAtf 
ii^ffitSft-^ ( U Jtt>^Qi 1 n St^Qn ) 

ci. ID . c- 1. n . c- 1. - n . 

C K - n <DC^rti:?^^tc^j:^„ CCD^PIgMOD. 
MOD„ 7&^e)W;^$n5it^{4tBfi# (I. Rl^Q. 

[0 045] w:wm^m^^2 1 tim 1 ^ifS^diiij^cc 
rj:^imwn (c. -c. ) ^^ir-^o ccD^tss^-^ 

{iLmmn ( I, RUQ^ - In Rz/Qr. ) ^^^^n 
So -r^c^^^^^^sx^tsi^ffliS^^u ttiiwm^c, 
t^mnu. mn^x^Atmslf&^Q^ trnwiW^^c 
t^mn-^-^. tfc^nsx,,um^m^u ttmn 
-^c. t4:mm-L. mwmx^,{tm^f&^Q, ttm^ 
^c, t^mn~r^. ^ib^^mnmx.jm^m^u 
ti&w^n^c. t^mnL. mn^x^jmim^Qn 

[0 04 6] COm^^ iX^^RZ>Xo,--X^„Rt^ 

x^„) <DmMtm^mnmc^ti^rimm-^2 2. 23 
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[0047] mn^2 2 (omMmmmm^s ( s/ 
p) 2 4{cA*S4i. cc-cit3^+-t";rt^(ct6;i;-cafe 

^Jf^-^yiJtC^^S niTcf^^ O F DM©«iE?^+-»' D T 
©Ifi£^ib-rjS»-?-'Jx^»S ( I FFT) 2 SKe* 
*& 5 *i , * /cfln^S 2 3 OtB;^(iiE?Fijat^ja:BlS { s 
/P) 2 6KA;^3n. CC'CBS^+i'UTlKCCjr.G-C 

r(DQjjK^3-<!:brjl*7-yx^^g2 5(C«*&$nS. 10 
[ 0 0 4 8 ] 'J x.^iSiS2 5 a«*&?nfcSit5! 

?>m.^mBim) ii^hm^mmwi^mmns i o. s i 
1 ^^t. ^mmsimm^^mm^s i o . s 1 1 * 
Sjfil^^S2 7^ca^:^T$. iMjE^ia^}ftii2 7«a:^ 
stitcmsimm^^mm^s i o. s 1 1 ?:0fiicoj«jii 

2^)8?3S^cD<i^K:^^L/. iifi^-^S i 2toxmti 
r^*(c&343n-5. 20 

[0049] ctiK-ML-cmAr tffinm^^dcm—^^ 

^mt, CCD07K7K-rJ:'5tc> Sff^SSOT-li. T 

^7-^ 1 0 -csftLJtSftft^^iB^iSJtitiS 1 1 vm 

Fft-^S2 0. S2 lizm^lytcm. 7-';x^JfeS 
(FFT) 3 2«:A;'3-r-Scfc'5{C&Sti-Cl,»S, Eg* 
{c. '<-x>'0 Ffi^S 2 0. S 2 U3:^ftSlg4 0(C 
*Jt:f5:l^2iiiK?S^fiM^S 1 0> S 1 1 {c*tJE^5t 
<D-C*2>. 30 
[0 0 50] :7-';x^S3 2 «A;^I3n/t■<->^>'^' 
>F^#S2 0> S 2 i*'^>saL3S++ur«:*jw-5ii[ 
3SStBBSt» ( 1 1 -RO'Qx — I . ■ RO'Q, • ) 

a^Jit?"J^^gi (P/s) 3 3t<:tt:^-r5„ ^e^iJit 

^m^3 3iiAJ:$tifcm.timm^ ( i x -rz/q. ■ 
%mmj^mk^3 3XU. ^ttm^m^ ( i . -ruq 

mm^l • . Q' =&!±l;^-rs. ccr)it3^{4*Bf!£^I " 
. Q' {3:^f^9^i'>^;W^Kt£;D-C^i!SS*a. ^gtS 40 
(Y,,RO'Yo,~Y,„RO'Y„„) (C^^tiSo 
[0 05 1 ] &t5(#-^^S3 4Wj||fH»J<Dl£t5(lf#^ 

^^2 1 K:>pfj£-r.5^©-c&>), m\mmmtmMv:m 

(c, -c„ ) «-€-n-e'l7^©S (Y„SO'Ya,~Y,„ 
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